The dynamic per^)ective on natural language suggests that texts change the value o f contextual param eteis in much the way com puter program s change the value o f program variables. One phenomenon where dynamic aspects em erge is that o f anaphora (introduction o f referents for later a n^h o ric links), but intensionality and tense are other candidate phenomena. However, m ost logics used in com puter science for the study o f the semantics o f program are often rather complicated and d iffo e n t from classical logic. W e describe a rqnesentation directly in classical logic using a categorial grammar. In the logic a theory is defined (via axiom s) to describe how in a text a pronoun manages to pick up a referent that was introduced by a determ iner. Besides (nominal) anaphora we discuss how to handle intensionality presem in (belief and knowledge) attitude reports.
Introduction
W e p resen t a th eo retical stu d y o f c en tral sem an tica l p ro b le m s o f an a p h o ra a n d in te n sio n a lity in n atu ral lan g u a g e tex ts (E n g lish ). A b a sic k n o w le d g e o f an a p h o ra , in te n sio n a lity an d lo g ic is assum ed .
A s tex ts w e tak e seq u en ce s o f d e c la ra tiv e and d isa m b ig u o u s sen te n ces; h e n c e e a ch te x t h a s a u n iq u e m e a n in g an d th e o b je c tiv e is to d e fin e a se m a n tic al th e o ry sp e cify in g , in so m e w a y a n d to so m e ex ten t, ttie m e a n in g o f e a ch t e x t W e th in k th a t in o rd e r to u se th e tex ts to co m m u n ic a te o u r in fo rm a tio n a b o u t fac ts (o r a ssu m p tio n s) c o n cern in g " th e u n iv erse aro u n d u s " th e th e o ry m u st h a n d le a n a p h o ra an d in te n sio n a lity as am p ly p re se n t in n a tu ra l lan g u ag e. F o r in stan ce, c o n sid e r th e fo llo w in g L o v e S to r y tex t:
A m a n k is s e s a w o n u in .
S h e b e lie v e s t h a t h e io v es h e r .
T h e p ro n o u n s (h e , sh e ,...) im p ly an a p h o ric lin k s a cro ss se n te n c es a n d a ttitu d e re p o rts (b e lie v e th a t,...) im p ly in ten sio n al p ro p e rtie s fo r e m b e d d e d sen ten ces.Ŵ e req u ire th a t th e th eo ry m u st b e a so -called co rresp o n d en ce th e o ry o f m e a n in g -th at a rela tio n b etw een th e lan g u a g e and c ertain "th in g s" in d ep e n d e n t o f th e lan g u a g e m u st b e sp ecified . W e also req u ire th a t th e th eo ry is co m p u tatio n a l -th a t a " c a lc u lu s" fo r m an ip u la tio n s o f m e a n in g s o f texts m u st b e sp ecified ^ B o th req u irem e n ts can b e d ire c tly satisfied u sin g th e m o d el th eo ry and the p ro o f th e o ry , resp e c tiv e ly , o f a fo rm a l lo g ica l sy stem . F o r in stan ce, retu rn in g to th e first se n ten ce o f the L o v e S to r y w e m ig h t te n ta tiv e ly rep re se n t it as th e fo llo w in g fo rm u la in classical p red ic ate logic: 3 x ( m a n x a 3 y ( w o m a n y / \ . k i s s x y ) ) T h e m o d el th e o ry sa y s th a t m a n and w o m a n d e n o te sets o f o b jects, th a t k iss is a relatio n b etw een tw o o b jec ts an d th a t th e v a ria b le s x an d y c a n b e in stan tia ted to c e rtain o b jec ts satisfy in g th e g iven c o n stra in ts. T h e p r o o f th e o ry , o n th e o th e r h a n d , lists ax io m s and in fe ren c e ru les fo r d e riv in g o r re w ritin g th e fo rm u la as such.
T h e re p re s e n ta tio n o f d ie seco n d se n ten ce is le ss stra ig h tfo rw ard . E v e n ig n o rin g th e p ro p er re p re s e n ta tio n o f th e em b e d d e d sen te n c e o m s tru c tio n (sy m b o lise d b y E D ) it seem s n e c essa ry to red o th e a lre ad y c o m p le te d rep re sen ta tio n o f th e first sen te n ce to a cco m o d ate th e seco n d sen tence:
x ( m a n x A < y ( y v o m a n y a kissxy/^ b e l i r f y [lovexy]))
T h is se em s to re n d e r im p o ssib le a sy ste m atica l an d co m p o sitio n al an aly sis w h e re th e m e a n in g o f a n e x p re ssio n is s y ste m atic a lly co m p o se d fro m th e m ea n in g s o f its p arts.
A lso , a se em in g ly in n o c e n t ch an g e (c o n jo in in g th e tw o p rev io u s se n te n c e s to a sin g le con d itio n al se n te n c e) im p lie s a d rastic c h a n g e fo r th e rep resen tatio n (w h e re th e p rev io u s rep re sen ta tio n s can n o t b e reu se d in a n y stra ig h t-fo rw a rd m an n er): I f a m a n k iss e s a w o m a n th e n s h e b e lie v e s t h a t h e lo v es h e r .
V X ( n u m x -* V y ( w o m a n y -> . . . ) ) O f c o u rse , th e rep re sen ta tio n in th e lo g ic a l sy stem ab o v e is ra th e r ad h o c. D isco u rse rep resen tatio n th e o ry (se e [2 ,3 ,4 ] fo r refe re n c e s) d e a ls w ith tra n sla tio n s o f tex ts in a sy stem atica l w ay , b u t, a s the n a m e su g g e sts, u s e s a s e p ara te re p re se n ta d o n le v e l and d o es n o t y ield a d ire c t com p o sitio n al a n a ly sis in a lo g ic a l system . O u r claim is th a t a co m p o sid o n a l an a ly sis in a lo g ical sy stem is p o ssib le , b u t th a t tex ts are c o m p lic a ted an d are b e s t u n d e rsto o d i f o n e m o v es fro m s ta d c sem an tic s (as a b o v e ) to d y nam ic se m a n tic s (to b e fu lly e x p la in ed later).
It m u st b e e m p h a size d th a t w e can d o d y n a m ic sem an tic s fo r n a tu ra l lan g u a g e in a lo gical system w h e re th e lo g ic a l lan g u a g e its e lf h as a static sem an tics! T h is c a n b e d o n e b y c h o o sin g suitable rep re sen ta tio n s a n d a x io m s in the lo g ic a l sy stem . W e b rie fly illu strate th is p o in t b y co n sid erin g a re c e n t n o n -c la ssic a l lo g ic a l sy ste m , n a m e ly d y n a m ic p red ic a te lo g ic [3] , w h ic h is b a sed o n th e sam e la n g u a g e as c la ssic a l p re d ic a te lo g ic , b u t w h e re th e fo llo w in g e n ta ilm e n t h o ld s (p and ^ any fo rm u las):
N o tic e th a t th e q u a n tifie r b in d s th e v a ria b le o u tsid e th e sc o p e o f th e q u a n tifie r. T h e q u a n tifie rs and o p e ra to rs h a v e d iffe re n t b e h a v io r e x isten tial q u a n tific atio n is e x tern ally d y n am ic, u niv ersal q u a n tific a tio n is e x te rn ally static, an d im p lic atio n is in te rn ally d y n a m ic (b etw e en o p eran d s) b u t e x te rn a lly static.
T h e e n ta ilm e n t a b o v e a llo w s fo r a c o m p a c t and e le g a n t tre a tm e n t o f m a n y an a p h o ra p ro b lem s u sin g d y n a m ic p re d ic a te lo g ic , b u t co m p a red to cla ssic al p red ic a te lo g ic it is le ss flex ib le and tran sp aren t.
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F o r in stan ce th e fo llo w in g s im ile e n ta ilm e n t d o e s n o t ho ld:
H o w ev er, a restricted v e rsio n h o ld s (w h e n n o o v e rla p b e tw e en a c tiv e q u a n tifie r v a ria b le s an d free v a ria b le s in th e fo rm u la). S ee [3] fo r d e ta ils ab o u t d y n a m ic p re d ic ate lo g ic a s w ell as re fe re n c e s to th e ex ten d ed lo g ic a l sy stem c a lled d y n a m ic M o n ta g u e g ram m ar.
Overview
F irst d ie g e n e ra l id e a o f lo g ic a l se m a n tic s is d escrib ed , su b su m in g b o th sta tic a n d d y n a m ic sem an tics. T h e n sta tic sem an tics is d e fin e d (b ased o n d ie n o tio n o f tru th v a lu e s ) a n d h e re a fte r d y n a m ic se m a n tic s (b ased o n th e n o tio n o f in fo rm a tio n state c h an g es).
In fo rm atio n sta te s c a n b e stru c tu re d in m a n y w a y s -w e p ro p o se to le t an in fo rm a tio n sta te b e a se t o f altern ativ es.^ E v e n w ith o u t say in g m o re a b o u t w h a t an a lte rn a tiv e is w e o b ta in in te re stin g d efin itio n s o f v a c u o u s, ab su rd and d e fin ite in fo n n a tio n states. M o re o v e r, red u c tio n s are p o ssib le i f th e in fo rm atio n state c h a n g es are d istrib u tiv e an d elim in a tiv e.
W e argue th a t b y a p ro p e r c o n stru c tio n o f th e se t o f alte rn a tiv e s aruqihora c a n b e h a n d le d in an e le g a n t w ay . W e p ro p o se a re p re sen ta tio n in lo g ic a l ty p e th e o ry u sin g a c a te g o ria l g ram m ar. A tin y e x am p le is pro v id ed . F in a lly w e d isc u ss h o w to in c o rp o rate in te n sio n a lity in th is fra m e w o rk .
A few w o rd s o n n o tatio n . In sc h em a s w e ta k e <=> to m ea n ; i f an d o n ly i f ( fo r all a f^r o p ria te in stan tiatio n s w ith ex p ressio n s o f th e sh o w n sc h em a v ariab le s). W e h a v e tw o e q u a lity sy m b o ls: = m e a n s eq u ality b y d e fin itio n and = m ea n s e q u a lity b y c a lc u la tio n (h en c e = im p lie s = ).
Logical Semantics for Natural Language
T h e m ain p u rp o se o f lo g ica l se m a n tic s fo r n atu ral lan g u a g e is, w e th in k , to p ro v id e a p re c ise d escrip tio n o f th e in tu itiv e n o tio n o f a v a lid argu m ent.Â rg u m en ts c a n b e b u ilt in se v eral w ays. W e ta k e a n a rg u m e n t to c o n sist o f a se q u e n c e o f tex ts t ] , ..... . tn (the p rem ise s) and a sin g le te x t U (th e co n clu sio n ). W e a rra n g e th e a rg u m e n t a s in th e fo llo w in g sch em a w ith th e sy m b o l in fro n t o f th e co n clu sio n : W e tra n sla te e a ch te x t t in n atu ral la n g u a g e to a fo rm u la in a su ita b le lo g ic a l la n g u a g e -a lo g ic.^ B y a lo g ic w e m e a n a fo rm al lan g u a g e e n d o w e d w ith a n o tio n o f e n ta ilm e n t K w h ic h w e req u ire m u st m atc h tiie n o tio n o f a v a lid a rg u m e n t in th e fo llo w in g sen se:
A fo im a l la n g u a g e is a lan g u a g e w ith a p rec ise sy n tax an d s e m a n tic s^ T h e sy n ta x d efin es th e set o f fo rm u la s ( fo r in sta n c e v ia fo rm atio n rules). T h e sem an tic s d efin es fo r e a c h fo rm u la its m ean in g (fo r in sta n c e a m ath e m a tic a l o b je a ) . In g e n e ral w e w rite th e m e a n in g o f th e fo rm u la i* a s [r] . T h is h id e s th e tra n sla tio n , b u t no co n fu sio n c a n arise. W e sh all also re fe r to [r] as th e m ea n in g o f th e tex t t.
W e req u ire th a t a lth o u g h e n ta ilm e n t is in tro d u ced a s rela tio n ^ b e tw e en fo rm u las (syntactical o b je c ts) it m u st o o tie sp o n d to a rela tio n Ti b e tw e e n th e m e a n in g s o f th e fo rm u la s (sem an tical o b jec ts):
S in c e w e aim a t u s in g m a th e m a tic a l o b jec ts a s th e m e a n in g s, o u r g o a l is to fin d o b jec ts w ith e n o u g h stru c tu re to m a k e th e d efin itio n o f su c h a rela tio n 71 p o ssib le. In th e sta tic sem a n tics th e o b je c ts a re ra th e r c o a rse -g ra in e d , b u t in th e d y n a m ic se m a n tic s to b e d e sc rib ed la te r, th e o b jects a re m o re fin e -g ra in e d .
Static Semantics
In sta tic se m a n tic s th e m e a n in g o f a te x t is a tru th v a lu e (0/1 fo r false and tru e ) w ith resp ect to a so -c a lle d m o d el. It w o u ld a c tu a lly b e m o te ap p ro p riate to say d ia t th e m e a n in g th e n is a fu n ctio n fro m m o d e ls to tru th v a lu e s, b u t sin c e it tu rn s o u t th a t th e m o d el p a ra m e te r is co m m o n to all m ean in g co m p o sitio n s (b ased o n th e fo rm atio n ru les) it m ak e s sen se to u s e th e " w ith resprect to " p h rase. W e a ssu m e th a t th e fo rm u la /* is clo se d (n o o c c u rre n ce s o f free v ariab les).* T o a c co u n t fo r free v a ria b le s in su b -fo rm u la s th e m e a n in g m u st b e g iv e n w ith resp e c t to a n assig n m en t a (a ftm ction fro m v a ria b le s to m ath e m a tic a l stru ctu re s o f ob jec ts) b e sid e s th e m o d e l M, b u t th is co m p lic atio n c a n b e ig n o re d h e re . A s fo r c o n sta n ts th e re can b e m a n y k in d s o f v ariab les. In first o rd e r lo g ic , q u a n d fic a tio n is allo w e d o v e r in d iv id u a l v a ria b le s o n ly , w h e reas in h ig h e ro rd e rlo g ic q u a n d fic a d o n is a llo w e d o v e r p re d ic a te v a ria b le s to o . E n ta ilm e n t is d efin ed as:
Dynamic Semantics
D y n am ics im p ly th e (o m tin u o u s o r d isc re te ) ch an g e o f so m e th in g -in c ase o f n a tu ra l la n g u a g e sem an tics w e su g g e st to c o n s id e r th e c h a n g e from o n e in fo n n a tio n sta te to a n o th e r in fo n n a tio n state o f an ag en t (tu u n a n o r p ro g ra m ) p ro c e ssin g th e tex ts W e first p re se n t th e g en e ral id e a le a v in g th e d etails o f in fo rm a tio n states u n sp e c ifie d . W e th e n c tm sid e r d iffe re n t sp e c ific stru c tu re s a s in fo rm a tio n states.
W e in tu itiv ely h a v e th e fo llo w in g d istin g u ish e d in fo rm a tio n states:
V a c u o u s in f o r m a tio n s ta te T h e ag en t h a s n o in fo rm a tio n a t all.
A b s u r d in f o r m a tio n s ta te T h e ag em h a s c o n tra d ic to ry in fo rm atio n .
D e fin ite in f o r m a tio n s ta te T h e ag en t h a s m ax im al in fo rm atio n .
O ften th ere is o n ly o n e v a c u o u s and o n e ab su rd in fo rm a tio n state, w ritte n / q a n d loo, w h e re a s th ere are n u m ero u s d e fin ite in fo rm atio n s ta te s.f^ W e o fte n h av e a p a rtial o rd e rin g o f in fo rm a tio n states co rre sp o n d in g to g e ttin g *'b etter*' in fo rm ed .
In d y n a m ic sem an tic s w e le t [r] b e a fu n c tio n fro m in fo rm a tio n sta te s to in fo rm a tio n states. O b serv e th a t th e re is n o n e ed to se e th e m e a n in g relativ e to a m o d el as in th e sta tic se m a n tic s (alth o u g h it is p o ssib le to d o so). I f th e in itial in fo rm a tio n sta te is / q w e h a v e th e fo llo w in g in fo rm atio n state ch an g es: T h e re are sev eral d iffe re n t d e fin itio n s o f e n ta ilm e n t p o ssib le . W e h e re fo llo w th e slo g an : e n ta ilm e n t m ak e s e x p lic it im p lic it in fo rm atio n . M o re p recisely : T h e c o n c lu sio n u is im p lic it in th e p rem isse s t i .......i f no (im p o rtan t) ch an g e in in fo rm a tio n state o c c u rs w h e n r, is p ro c e sse d a fte r t], h av e b een processed : <n H ere -> is a su itab le eq u iv alen ce relatio n th a t co m p ares in fo rm a tio n sta te s f o r (im p o rtan t) ch an g es; i f all c h an g es a re im p o rta n t th e n w e c a n u se = fo r « .
Information States as Sets of Alternatives
O n e w ay to sp e cify in fo rm atio n states is to le t e a c h in fo rm a tio n sta te b e a se t o f a lte rn a tiv e s th a t h a s to b e tak e n in to account. G ro w th o f in fo rm a tio n th en co m e s d o w n to e lim in a tio n o f a ltern ativ e s, u p to th e lev el o f d efin ite inform aticm w h e re all b u t o n e o f th e a lte rn a tiv e s h a v e b e e n e lim in a te d .
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L e t i4 s ( a ] , <22» <<3 > -) b e a set o f n o t fu rth e r sp ecified altern ativ e s and le t an in fo rm atio n state I b e a se t o f a lte rn a tiv e s ( / c ^4). T h e d e fin itio n s o f th e v acu o u s an d ab su rd in fo rm atio n states are:
T h e d e fin ite in fo rm a tio n sta te s are I = [a], a e A.
T h e in fo rm a tio n sta te s h a v e a p a rtial o rd e rin g v ia th e su b set relatio n c -F o r ex am p le:
F o r a p a rtic u la r in fo rm a tio n sta te c h a n g e [r] th e re are so m e in te restin g p ro p ertie s it m ay have:
D is tr ib u tiv e in f o r m a tio n s ta te c h a n g e s = U W ({® })
«
€ / E lim in a tiv e in f o r m a tio n s ta te c h a n g e s
[f](7 ) C / f o r a ll / D istrib u tiv e in fo rm a tio n sta te c h an g es m e a n th a t th e a g e n t w o rk s "p o in t-w ise " , i.e.
b ased on the d e fin ite in fo rm a tio n state s. T h is p ro p erty d o e s n o t h o ld fo r a g e n ts d e a lin g w ith d e fa u lts etc. A n illu stra tiv e ex a m p le: t E J o h n m i g h t lie . W ( / )
\ lo o Ol t h e r e is a n o € / s u c h t h a t " J o h n lie s " , o t h e r w i s e .
N o te th a t if o n e h a s th e in fo rm a tio n th a t "Jo h n d o es n o t lie " it is ab su rd to p ro c e ss r. It is easily seen fro m th e a b o v e d e fm itio n th at th e in fo rm a tio n sta te ch a n g e is n o t d istrib u tiv e , sin c e th e test a c / d o e s n o t w o rk p o in t-w ise. H o w ev er, th e in fo rm a tio n sta te ch a n g e is e lim in a tiv e , sin ce / » c / Tor a l l / .
E lim in a tiv e in fo rm a tio n sta te c h a n g e s m ea n s th a t th e a g e n t g e ts " b e tte r in fo rm e d " to w a rd s th e d e fin ite in fo rm a tio n states (w ith th e ex c ep tio n th a t th e o n ly ch a n g e fro m a d efin ite in fo rm atio n state is to th e ab su rd in fo rm a tio n state). T h is p ro p erty d o es n o t h o ld fo r ag e n ts d e a lin g w ith rev isio n etc.
W h e n th ese tw o p ro p e rtie s are "u n iv ersa l" -th a t is fulfiU ed fo r all tex ts t co n sid eredo p tim isa tio n s a re po ssib le: • D istrib u tiv e in fo rm a tio n state ch an g es: In ste a d o f m e a n in g [t] a s a fu n ctio n from in fo rm a tio n sta tes to in fo rm a tio n state s, th a t is a fu n ctio n fro m sets o f altern ativ es to sets o f alte rn ativ es, w e ju s t sp ecify a rela tio n -* t b e tw e en alte rn a tiv e s:
> t a e [f]({a})
T h e m e a n in g [r] is th en o b ta in e d as:
T h e co n d itio n a -* t a ' o o ire sp o n d s to th e fo llo w in g id ea in c o m p u te r sc ie n c e :i2
N o n -d e te r m in is tic e x e c u tio n c f p r o g r a m t w h e n in p r o g r a m s ta te a y i e l d s p r o g r a m s ta te a ' .
• D istrib u tiv e a n d e lim in ativ e in fo n n a d o n sta te ch a n g es:
T h e rela tio n | n o w o n ly h o ld s b e tw e e n id en tic a l alte rn ativ es; h e n c e w e ju s t sp e c ify a s e t S , o f altern ativ es.
W e d ien sim p ly h ave:
O b se rv e th a t i f th e in fo rm a tio n sta te c h a n g es are e lim in a tiv e , b u t n o t d istrib u tiv e , o p tim isa tio n s o f th e a b o v em e n tio n ed k in d s are n o t p o ssib le (a lth o u g h th e se in fo rm a tio n sta te c h a n g e s a re c o n c e p tu ally sim p lified ).
S o m e final o b serv a tio n s: C lassical lo g ic , w h ic h h a s a sta tic se m a n tic s, c a n b e v ie w e d a s h a v in g an o p tim ised d y n a m ic se m a n tic s, w h ere sets o f m o d e ls p la y th e ro le as in fo rm a tio n sta te s a n d all in fo rm atio n sta te c h an g es are b o th d istrib u tiv e and e lim in ativ e. A lso , an d th is is th e lin e w e sh all fo llo w h ere, i f th e stru ctu re o f the alte rn a tiv e s is n o t to o c o m p lic a ted , it o u g h t to b e p o ssib le to m a k e d e n o tatio n s o f classical lo g ic fim ctio n as in fo rm a tio n states. S in c e in fo rm a tio n s ta te s are se ts o f altern ativ es w e n e e d a lo g ical sy ste m th a t m ak e s se ts (fo r in sta n c e a s c h a ra c te ristic fu n ctio n s) a v ailab le as first cla ss citizen s. L o g ic al ty p e th eo ry is su c h a lo g ic .
Logical Type Theory
A ty p e th eo ry a sse rts c e rtain term s to b e o f c e rta in ty p es. A ty p e th eo ry c a n m a k e o th e r a sse rtio n s too ; fo r in stan c e ab o u t th e eq u a lity o f term s o r ty p es. T e rm s and ty p es b e lo n g to fo rm al la n g u a g e s.
T h e se lan g u a g e w ill b e d istin c t h e re (b u t are o fte n th e sa m e in ad v a n ce d ty p e th eo ries).
In th e sim p le ty p e th eo ry a ty p e x is e ith e r b a sic (in terp reted as a se t o f o b je c ts) o r o f th e form x -»X" ( in te r p r e te d a s th e s e t o f f u n c t i o n s f r o m ty p e x ' to ty p e x ").l3 T h e te rm s a re so -c a lle d X -term s from th e X-calculus.*Î n (sim p le) lo g ical ty p e th e o ry th e ty p e s are sim p le ty p es w ith r as th e b a sic ty p e o f p ro p o sitio n a l fo rm u las. T h e se t o f o b je c to f ty p e r a r e th e set o f(c la s s ic a l)tru th v a lu e s (0,1 ( .A x io m s an d in fe re n c e ru le s m u st b e g iv e n to e n su re th a t th e X -calculus c a n b e se en as a h ig h e r-o rd e r lo g ic b a sed o n fu n ctio n s and p red icates. T h e la tte r are c h a ra c te ristic fu n ctio n s (fu n c tio n s re tu rn in g tru th v alu es). F o r o u r p u rp o ses it su ffice s to reg ard th e term s as fo rm u la s in c la ssic a l first-o rd e r p red ic ate lo g ic au g m en ted w ith X -term s. W e w rite 0 : x w h e n th e fo rm u la 0 h a s ty p e x. S e e [5] fo r fu rth e r d etails a b o u t lo g ical ty p e th eo ry .
Anaphora
T h e stra te g y fo r a n a p h o ra h a n d lin g is to le t e a c h alte rn a tiv e b e a p a i r w o rld a n d e n v iro n m e n t, rese m b lin g th e m o d el and th e a ssig n m e n t in c a se o f static se m an tics. H e n c e a w o rld is a fu n c tio n fro m co n stan ts to m ath e m a tic a l stru c tu re s o f o b jec ts an d an e n v iro ru n e n t is a fim ctio n fro m sto re s to ob jccts.fŴ e h a v e a se p ara te sto re f o r e a c h (a n a p h o ric ) d isc o u rse m a rk e ts in d ic ate d b y a n atu ra l n u m b e r index:
A} m a n k iss e s 8 2 w o m a n .
S h e 2 lo v es h im j.
T h is g iv e s d istrib u tiv e in fo rm a tio n sta te ch an g es, sin ce th e d iffe re n t e n v iro n m en ts can b e seen p o in t-w ise. I f w e a p p ly th e a b o v e m e n tio n e d o p tim isatio n fo r d istrib u tiv e in fo rm atio n state chan g es th e n w e g e t n o n -elim in ativ e in fo rm a tio n state c h an g es, sin ce th e d e fin ite in fo rm atio n states m u st also b e u se d and n o t o n ly th e in fo rm atio n states resu ltin g from p ro ce ssin g th e tex ts.
N o te : T h e c h a in o f in fo rm a tio n states / q, ^ e lim in ativ e in fo rm atio n state c h a n g es w ith re s p e c t to r j,.../« ; h e n c e fo r 1 ^ i < n w e h a v e: i< i< * T h e f o llo w in g a x io m s ( f o r l^i^k ) e x p r e s s e s th a t w e c a n c h a n g e e a c h v a lu e o f e a c h s to re in a ll e n v ir o n m e n ts i n d e p e n d e n tly :
Representation in Logical Type Theory
Example using a Categorial Grammar w h e r e p* = w a lk | w h i s t l e | m a n | . . . a r e c o n s t a n t s o f t y p e e t c o r r e s p o n d i n g t o p = w a lk I w h is tle | m a n | . . . A ll th ere rem ain s is to sp ell o u t th e d e ta ils o f a su itab le re la tio n > a n d w e h a v e o u r e n ta ilm e n t ^ u sin g a sy stem atical an d co m p o sitio n a l an a ly sis in a classical lo g ic.
Intensionality
A c o m m o n ^jp r o a c h to in ten sio n ality rests o n th e n o tio n o f " p o ssib le w o rld s'* (se e 1), u su a lly m an ip u lated b y n e w o p e ra to rs lik e □ an d 0 D iam o n d . S u ch a "p o ssib le w o rld " c o rre sp o n d s to th e w o rld co m p o n e n t o f o u r alte rn a tiv e s in an in fo rm a tio n state. H o w e v e r, in o u r re p re sen ta tio n in lo g ical ty p e th eo ry w e h a v e k e p t a fix e d w o rld v ia m o d e ls f o r th e lo g ical ty p e th e o ry an d th e ty p e o f e n titie s (the ty p e o f in d ices is u se d fo r th e en v iro n m en ts to g e th e r w ith th e d isc o u rse m ark e rs), b u t th is se tu p w ill n o t w o rk an y lo n g er. O n e w a y o u t is to in tro d u c e a n e w b a sic ty p e w o f w o rld s an d le t p^ from a b o v e b e c o n sta n ts o f ty p e w -> e -» r in stea d o f ty p e e -* t j u s t A sp ecial m a rk e r mworid o f ty p e i -» w w o u ld th en s e le c t th e c u rre n t w o rld . W e in te n d to ^1 1 o u t th e d e ta ils in a fu tu re pap er. Notes 1) N o tice th a t "in te n tio n " m ea n s p u rp o se , a im , etc. w h e re a s " in te n sio n " h e re (a s w e ll as in lo g ic an d th e p h ilo so p h y o f la n g u a g e ) is th e d ire c t o p p o site o f "e x te n sio n " (cf. th e d istin c tio n b e tw e e n se n se and reference)! 2 ) N e ith e r th e a n a p h o ra reso lu tio n n o r th e in te n sio n a lity c h a ra c te risa tio n a te to o im p o rta n t h ere . F o r th e la tte r th e fo llo w in g e x am p le m ig h t h elp : E v e n th o u g h th e p ro p e rtie s o f b e in g a n u n m arried m a n and b ein g a b a c h e lo r a re ex ten sio n al e q u iv a le n t (fu lfille d b y th e sa m e in d iv i-d u a ls ) th e y are n o t (alw a y s) in ten sio n al eq u iv alen t; b e lie v in g th a t a p a itic u la r in d iv id u al is an u n m a rrie d m a n w ith o u t b e lie v in g th a t th e sam e in d iv id u al is a b a c h e lo r is en tirely p lausible.
H o w e v er, i f m e a n in g s are sp ecifie d as m ath em a tical o b je c ts an d stru ctu res th en in p rin c ip le it is a lw a y s p o ssib le to u se. sa y , an o b jec t-lan g u ag e a x io m a tisatio n o f the n u m b e r and se t th eory o f th e m eta -la n g u ag e .
I t is m o st c o n v e n ie n t to th in k o f a n a lte rn a tiv e as a so -ca lled (p o ssib le) w o rld -th a t is, a co m p lete d e s c rip tio n o f a " sta te o f a ffa irs" -b u t o th e r ch o ic es c an b e m a d e as to b e sh o w n .
W e d o n o t req u ire th a t su c h a d e scrip tio n m u st p ro v id e an e x p la n a tio n o f h o w h u m an s p erform th e ju d g e m e n t R e m e m b e r th a t w e a ssu m e th e te x t to b e d isam b ig u o u s. I f th e te x t w as am b ig u o u s th e p ro p er tra n s la tio n w o u ld d e p e n d o n , b u t n o t n e c e ssa rily b e d e term in ed b y , th e c o n te x t A fo rm a l c a lc u lu s h a s ju s t a p re c ise s y n ta x -p o s s ib ly w ith so m e sy n ta ctica l o p e ra tio n s d efined . O c c a sio n a lly th e sy n ta ctica l o p e ra tio n s are reg ard ed a h a v in g sem a n tica l c o n te n t th o n se lv e s.
A n a p h o ra in te x ts is n o t to b e h an d le d b y free v ariab le s in form u las.
A n in fo rm a tio n sta te is a lso called a k n o w le d g e state o r a b e lie f state.
10) O n e su re w a y to o b ta in co n tra d ic to ry in fo rm atio n is to g a th e r all p o ssib le an d im p o ssib le p ieces o f in fo rm a tio n -th is e x p la in s th e «> sign.
11) B e tte r n o ta tio n i f a rg u m e n t b e fo re fu n ctio n , n a m e ly /n -[ y etc.
12) P ro g ra m sta te s and in fo rm a tio n sta te s are d iffe re n t n o tio n s. A lso in c o m p u te r scien ce w e hav e a fix ed in te rp re ta tio n in m ind. S ee [S] fo r th e ap p lic atio n o f d y n a m ic lo g ic s to c o m p u te r science.
13) T h e re a re o th e r in te rp re ta tio n s fo r th e sim p le ty p e th eo ry th an th e e le m en t/se t o n e g iv en h ere, f o r e x a m p le pro o f^p ro p o sitio n an d p ro g ra m /sp e c ific a tio n (d u e to th e sim ila rity in the e x p la n a tio n o f th ese p a irs o f n o tio n s).
14) T h e X -calculus c o m e s in m a n y g u ise s -also w ith o u t ty p es.
15) M o re p re c is e ly from sto re n a m e s to o b jec ts G ikew ise w ith co n sta n t and v a ria b le it sym b ols).
16) T h e ty p e o f e n titie s p lay s m u c h the sa m e ro le in d y n a m ic sem an tic s as th e (sin g le) d o m ain fo r s ta tic se m a n tics. T h is ch a n g es w h e n in ten sio n a lity is added.
17) T h e e n v iro ru n en t/sto re m a trix is tra n sp o sed -in stea d o f en v iro n m en ts ta k in g a sto re w e have sto re s ta k in g an en v iro n m en t (o r ra th e r an ind ex ).
3)
4)
5 )
6)

7)
8)
9 )
